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We have developed a method to isolate intact, purified pea etioplasts. These etioplasts 
were capable of recognizing, transporting, and processing the precursor form of the 
small subunit of the ribulose-l,&bisphosphate carboxylase, a protein which is not de- 
tectable at this developmental stage. Transport of proteins was completely dependent 
on ATP and could not be substituted for or stimulated by light. The transported precursor 
protein was processed to its proper molecular weight. The mature form of the small 
subunit was assembled with the large subunit of the ribulose-1,5-bisphosphate carbox- 
ylase already present at this stage to form an oligomer. Protein transport was completely 
abolished using the phosphatase inhibitor sodium fluoride. This is the first ime protein 
transport has been demonstrated in isolated, purified etioplasts. o lsw Academic press, I~~. 
The development of chloroplasts requires 
the coordinated expression of two distinct 
genetic systems. A great number of chlo- 
roplast proteins are coded for in the nu- 
cleus while others are coded for on plastid 
DNA itself (1). Holocomplexes of enzyme 
proteins exist whose assembly depends on 
subunits coded for and synthesized in dif- 
ferent cell compartments. Ribulose-1,5- 
bisphosphate carboxylase is an example of 
such an enzyme, composed of two subunits: 
the large subunit (LSu),’ molecular weight 
of about 52,000, coded for and made within 
the plastid (2, 3), and the small subunit 
(SSu), molecular weight of about 14,000, 
coded for in the nucleus and made on cy- 
toplasmic ribosomes in a precursor form 
(pSSu) (2, 3). The precursor form of the 
SSu is post-translationally transported 
’ To whom correspondence should be addressed. 
’ Abbreviations used: LSu, large subunit of ribulose- 
1,5-bisphosphate carboxylase; SSu, small subunit of 
ribulose-1,5-bisphosphate carboxylase; pSSu, precur- 
sor form of SSu; Mops, 4-morpholinepropanesulfonic 
acid; Tricine, N-[2-hydroxy-l,l-bis(hydroxymethyl)- 
ethyllglycine; DTT, dithiotreitol; Hepes, 4-(2-hydrox- 
yethyl)-1-piperazineethanesulfonic acid; SDS or LDS, 
sodium or lithium dodecyl sulfate; PAGE, polyacryl- 
amide gel electrophoresis. 
across the chloroplast envelope (4), cleaved 
by a specific protease into the mature form 
(5), and assembled into the holoenzyme in 
the soluble chloroplast matrix. Chloroplast 
differentiation depends strongly on light 
in higher plants. Thus if plants are grown 
in the dark, special forms of plastids are 
developed, e.g., etioplasts, which can be 
transformed to chloroplasts by bringing 
them into the light. This phenomenon is 
widely used to study the different events 
which are necessary until a fully competent 
chloroplast is made. Many reports have 
clearly demonstrated the effect of light on 
the transcriptional level (for a review see 
(6)), e.g., the amount of translatable mRNA 
for pSSu increases dramatically in the 
light. 
Less is known at the translational or 
post-translational level. Transport of cy- 
toplasmically synthesized proteins and 
their assembly into holocomplexes is a 
post-translational event and a promising 
target for regulation. In fact Grossmann 
et ah (7) proposed the influence of light on 
the transport in intact chloroplasts. Intact 
chloroplasts have been the only tool for 
studying protein transport until now, 
where protein transport refurbishes for 
protein turnover in the organelles. The de- 
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velopmental steps leading from an etio- 
plast to a chloroplast require massive pro- 
tein transport from the cytoplasm into the 
changing plastid. In order to understand 
the processes occurring during plastid de- 
velopment we have worked out a method 
to isolate purified, intact etioplasts from 
peas and studied the etioplasts’ capacity 
for protein transport and assembly as an 
initial step in etioplast transformation to 
mature chloroplast. 
EXPERIMENTAL PROCEDURES 
Isolation of purified intact plastids. Etioplasts or 
chloroplasts were isolated from pea plants (Pisum sa- 
t&urn var. mirumfa) grown on vermiculite for 11 days 
in the dark or in the light, respectively. Chloroplasts 
were isolated in a medium containing 330 mM sorbitol, 
30 mM 4-morpholinepropanesulfonic acid (Mops), 0.1% 
bovine serum albumin, and 0.4 mM MgClz; pH was 
adjusted to 7.2 by adding solid Tris. A crude chloro- 
plast pellet was further purified by isopycnic centrif- 
ugation in Percoll gradients (8). The purified intact 
chloroplasts were then used in the transport experi- 
ments. Etioplasts from dark-grown pea shoots were 
obtained from the leaves only. The leaves were har- 
vested under dim green safe light into chilled buffer 
and homogenized with a specially equipped blender 
(9,10) in a medium containing 500 mM sucrose, 30 mM 
N-[2-hydroxy-1,1-bis(hydroxymethyl)ethyllglycine 
(Tricine), 1 mM MgClz, 1 mM EDTA, 0.1% bovine serum 
albumin; pH was adjusted to 7.2 with NaOH. The ho- 
mogenate was filtered through six layers of cheese- 
cloth and one layer of nylon gauze (30-pm aperture). 
A crude pellet was obtained after centrifugation for 
10 min at 1OOOg. The etioplasts were further purified 
by centrifugation on a preformed Percoll gradient for 
15 min at 65008. The Percoll gradient was made from 
5 ml 80% Percoll in isolation medium overlaid by 20 
ml 30% Percoll in isolation medium; the gradient was 
then preformed for 45 min in a vertical rotor at 
10,OOOg. Intact, purified etioplasts were recovered from 
the interface of the linear gradient and 80% cushion 
and were washed free of Percoll with isolation buffer 
and subsequently used for transport experiments. 
Contamination by mitochondria and peroxisomes 
was tested using cytochrome-c oxidase and hydroxy- 
pyruvate reductase, respectively, as marker enzymes 
(11). Intactness of purified etioplasts was judged using 
two different methods, (i) phase contrast microscopy 
and (ii) purified etioplasts were washed free of Percoll, 
divided into identical aliquots, and recovered by cen- 
trifugation. The plastids were resuspended in buffer 
containing different concentrations of sucrose and left 
on ice for 15 min to allow breakage in hypotonic buffer 
solution. The etioplasts were pelleted again and the 
latency of LSu was determined using sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS- 
PAGE, see below) followed by Coomassie brilliant blue 
stain and a subsequent scan at 583 nm (Vitatron den- 
sitometer, TLD 100). Results were quantified using a 
Vitatron integrator. 
Isolation of poly(A)RNA. Total RNA was isolated 
from peas which had been grown for 4 days in the 
dark and then transferred to continuous light for 
60 h prior to RNA isolation. RNA was purified by 
centrifugation through a CsCl gradient containing 
guanidinium rhodanide as described in (12). Poly(A) 
RNA was enriched by oligo(dT)-cellulose chromatog- 
raphy and after repeated precipitation with ethanol 
stored in Ha0 at -196°C (12). 
In vitro translation and uptake experimats. Poly(A) 
RNA was translated in a cell-free wheat germ system 
(prepared as in (13)), containing 20 mM 4-(2-hydroxy- 
ethyl)-1-piperazineethanesulfonic acid (Hepes)-KOH 
(pH 7.6), 100 mM KCI, 3.5 mM Mg acetate, 1 mM ATP, 
20 pM GTP, 2 mM dithiothreitol (DTT), 8 mM creatine 
phosphate, 25 pM each of the amino acids (minus me- 
thionine), 4 pg creatine kinase, 100 pCi pS]methionine 
(sp act 800 Ci/mmol) and 4 to 5 pg of poly(A) RNA 
in a final volume of 100 ~1. After incubation at 25°C 
for 90 min the translation mixture was centrifuged 
at 140,OOOg for 1 h. The postribosomal supernatant 
was used for uptake experiments. In some cases pro- 
teins from the postribosomal supernatant were pre- 
cipitated by adding solid (NH&SO4 (52 mg/lOO ~1); 
precipitation was allowed to complete for 30 min at 
4°C. The pellet recovered after centrifugation at 
140,OOOg for 30 min was dissolved in 50 mM Hepes- 
KOH (pH 8.0) and dialyzed against the same buffer 
for 3 h. The dialyzed protein solution was then used 
in the same manner for uptake experiments as above. 
The uptake mixture (final volume 300 pl) contained 
3 mM MgSO*, 10 mM methionine, 26 mM K gluconate, 
2% bovine serum albumin, 300 mM sorbitol, 6.6 mM 
ATP (unless otherwise indicated), 50 mM Hepes-KOH 
(pH 8.0), 30 pl of postribosomal supernatant derived 
from the translation mixture, and intact plastids 
(equivalent to about 1 mg of protein). Experiments 
were carried out in the dark. All samples were incu- 
bated at 25°C for 30 min. Following the incubation, 
transport was halted by spinning the plastids down 
for 4 min at 12,000g. Unbound proteins were removed 
by subsequent washing in isolation buffer and cen- 
trifuging the plastids as stated above. The etioplasts 
or chloroplasts, respectively, were then lysed on ice 
by resuspending them in 10 mM Tricine-KOH (pH 
7.9) and 4 mM MgClz. The broken plastids were sep- 
arated into a soluble extract fraction and a membrane 
fraction, containing both thylakoid and envelope 
membranes, by centrifugation for 5 min at 12,000g. 
The fractions were then analyzed by PAGE. 
To verify protease-resistant transport into the or- 
ganelles, the etioplasts were treated with thermolysin 
